Abstract: Marmots are large ground squirrels, and 14 species have been reported in the world, including four species of marmots (Himalayan marmot, Tarbagan marmot, gray marmot and long-tailed marmot) living in China. Although these biological resources are abundant in China, information regarding their genetic features is lacking, hampering further study regarding them. The aims of this research were to evaluate genetic variations of four species of Chinese wild marmots, and analyzed kinship of these marmot populations. In the current study, we collected samples of four species of Chinese wild marmot and analyzed the effective allele number, gene diversity, the Shannon index, and polymorphism information to evaluate genetic variations using 13 microsatellite loci. Based on Nei's genetic distance using the unweighted pair group method, we constructed a dendrogram to analyze the population kinship. We determined that all four Chinese marmot species had high genetic polymorphisms and departure from Hardy-Weinberg equilibrium. The Chinese marmots to be divided into two large groups: Himalayan marmot was independent group. Tarbagan marmot, gray marmot and long-tailed marmot were others; Tarbagan marmot and gray marmot showed a close kinship with each other, but long-tailed marmot did not have a close relationship with the other species. The high polymorphisms and the kinship of Chinese marmot populations were correlated with geographical terrain of their habitat. Himalayan marmot was characterized as living in unique alpine meadows in Qinghai-Tibet plateau and was affected by terrain; however, Tarbagan marmot, gray marmot and long-tailed marmot were characterized as living in grassland or alpine grassland and were not affected by terrain. Genetic features of Chinese wild marmots were investigated in this study. This may give using information regarding protection of Chinese wild marmot resource and further application of biomedical research.
Introduction
Marmots are generally classified as Mammalia, Rodentia, Sciuridae, and Marmota, and 14 species have been reported in the world (Thorington & Hoffman 2005) . Four species of marmots inhabit China, including the Himalayan marmot (Marmota himalayana Hodgson, 1841), the Tarbagan marmot (Marmota sibirica Radde, 1862), the gray marmot (Marmota baibacina Kastschenko, 1899) and the long-tailed marmot (Marmota caudate Geoffroy, 1844) (Fan 2007) . As a laboratory animal model, marmots are used to study human chronic hepatitis B virus infection, hibernation, altitude physiology and cardiovascular diseases (Huang 1996; Menne & Cote 2007) . Recently, we discovered that marmots in Qinghai Province of China were resistant to high fat diet-induced atherosclerosis (Li et al. 2012) . Studies regarding the ecology and histology of marmots are extensive (Brandler et al. 2010; Caridini et al. 2005; Peiffer et al. 2004) . Marmots play an important role in maintenance of ecosystem and equilibrium of ecology in plateau or grassland. However, marmot is major host of plague and spread infectious diseases. Consequently, marmot is constantly hunted in China. This is reason that the number of marmot populations has reduced. Reduction of the size of marmot population directly effect ecological equilibrium of plateau or grassland. Therefore, study regarding genetic diversity of marmot population in China has great significance for controlling number of marmot, maintaining ecological equilibrium, and creating laboratory animal model. So yet, the genetic features of Chinese marmots have not been investigated using molecular genetic markers.
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Y. Chen et al. Microsatellites are DNA sequences consisting of short tandem nucleotide (< 6 base pair) repeat motifs. They are also named short tandem repeats (STRs) or simple sequence repeats (SSRs) (Tautz & Schlotterer 1994; Litt & Luty 1989; Edwards et al. 1991) , and they are abundant in eukaryotic genomes and show uniform distribution (Wang et al. 1994) . Major unique features of microsatellites are high variability and codominance, which makes them unique compared to other molecular markers including restriction fragment length polymorphisms, amplified fragment length polymorphisms, and random amplified polymorphic DNA. Moreover, the regions flanking microsatellites are generally conserved in the same species; therefore, using primers targeting the flanking sequences of microsatellites by a polymerase chain reaction (PCR) method can amplify SSR regions and predict genetic polymorphisms.
Recently, genomic polymorphisms of the hoary marmot, the Alpine marmot and the Chinese Himalayan marmot were analyzed by microsatellite markers (Goossens et al. 2001; Hanslik & Kruckenhauser 2000; Kyle et al. 2004; Silva et al. 2003; Xu et al. 2009 ). Although these four species of marmots (Himalayan marmot, Tarbagan marmot, gray marmot and long-tailed marmot) are abundant in China, information regarding their genetic features is lacking. In the current study, we collected four species of Chinese marmots from five different locations in China and investigated the genetic variations and their relationship with each other by genotyping 13 microsatellite loci.
Material and methods

Marmot samples
The marmot samples were collected from five regions in Northern China as shown in Figure 1 . Himalayan marmot (M. himalayana) samples (n = 38) were obtained from Yushu County of Qinghai province; Tarbagan marmot (M. sibirica) samples (n = 36) were collected from the Chenbarhu County of Inner Mongolia Autonomous Region; gray marmot (M. baibacina) sample were obtained from the Turgart of Wuqia county (n = 22) and Hutubi County (n = 23) in Xinjiang Uygur Autonomous Region; and longtailed marmot (M. caudata) samples were obtained from the Pamirs of Wuqia County in Xinjiang Uygur Autonomous Region (n = 37). Marmot tails (including hairs, muscle and coccyx) were collected from each animal and dry-stocked in the shade at room temperature until DNA extraction.
DNA extraction and PCR amplification DNA was extracted from marmot tails using microelute genomic DNA kits (D3096-02) (Omega Bio-Tek Inc. Norcross, GA) according to the manufacturer's instructions.
In total, 13 microsatellite DNA loci were selected to amplify DNA genome, including 8 microsatellite DNA loci cloned from M. himalayana (SSR2, SSR3, SSR4, SSR5, SSR7, SSR9, SSR10, SSR11) (Xu et al. 2009 ) and 5 microsatellite loci cloned from M. marmota (MA001, MA002, MA018, MA066, MA091) (Silva et al. 2003) . All primer sequences are shown in Table 1. DNA amplification was performed using a thermal cycler (Eastwin, EDC-810, Beijing, China) with the following reaction conditions: initial denaturation at 94
• C for 10 min followed by 40 cycles of denaturation at 94
• C for 60 s, annealing at 55
• C for 60 s, extension at 72
• C for 90 s, followed by a final extension at 72
• C for 10 min and a hold at 4
• C. The PCR products were fractionated on a 12% polyacrylamide gel followed by silver staining (Brant et al. 1991) .
Data analyses
All genotypes were scored for the number of SSR bands. Genetic polymorphisms of the four species were analyzed by POPGENE32 version 1.32 (http://www.ualberta.ca/∼fyeh) and Modified-Powerstate software (http://www.promega. Explanations: SSR2, 3, 4, 5, 7, 9, 10, 11 refer to (Xu et al. 2009 ); MA001, 002, 018, 066, 091 refer to (Silva et al. 2003) . com/geneticidtools/powerstats/). We determined allele number, effective allele number, allele frequency, gene diversity (namely, heterozygosity), polymorphism information content, Shannon index, genetic identity and genetic distance. The Hardy-Weinberg equilibrium of species and 13 microsatellite loci were analyzed by GENEPOP version 4.1 (http://genepop.curtin.edu.au/). Finally, we constructed a dendrogram based on Nei's genetic distance by the unweighted pair group method using arithmetic averages (UP-GMA) as previously reported (Nei 1972) .
Results
In the current study, we collected four species of marmots from Qinghai province, Inner Mongolia Autonomous Region and Xinjiang Uygur Autonomous Region in Northern China to study their genetic diversity and genetic relationship. A total of 13 microsatellite markers were used to examine the genetic diversity of four marmot populations in China. As shown in Tables 1 and 2, a total of 116 alleles were detected by these polymorphic markers. The average number of alleles per loci was 8.9, and an effective allele number ranged from 3.9847 to 5.5206 among four populations targeting 13 microsatellite markers. The average effective allele number was 6.3843 at each locus. The heterozygosity and Shannon index ranged from 0.7293 to 0.8110 and 1.5028 to 1.8397, respectively. Among the four species, the heterozygosity and Shannon's index of M. caudata was lowest. The heterozygosity and Shannon's index were highest in M. himalayana (Table 2) . Polymorphism information content of 13 microsatellite markers ranged from 0.74 to 0.87 (Table 1) . By Nei's original measurements, we found that genetic identity and genetic distance ranged from 0.5067 to 0.8790 and from 0.1290 to 0.8193 among four populations (Table 3 ). The maximum genetic identity index was 0.8790 between M. sibirica and M. baibacina, suggesting that two populations are closely related. However, the maximum genetic distance between M. caudata and M. himalayana was 0.8193, indicating that these two populations are genetically distant (Table 3 ). In Hardy-Weinberg equilibrium test, 13 microsatellite loci in each population departure from Hardy-Weinberg equilibrium as well as four marmot population at each locus (P < 0.01).
Discussion
In general, an effective allele number and polymorphism information content are important indices for the evaluation of the locus polymorphism (Yuan et al. 2006; Heame et al. 1992) . In this study, we found that both the effective allele number of 13 microsatellite loci and the polymorphism information content (>0.5) (Table 1) were relatively high in four marmot populations; therefore, these loci are highly polymorphous in the Chinese marmot population. Heterozygosity can reflect gene homogeneity and diversity among the population. In general, the population has high genetic diversity when the value of heterozygosity is higher than 0.5 in a population (Botstein et al. 1980; Nei 1978) . In this study, the values of heterozygosity of the Himalayan marmot, the Tarbagan marmot, the gray marmot and the long-tailed marmot were 0.8110, 0.7373, 0.7452, and 0.7293, respectively ( Table 2) . Heterozygosity of Himalayan marmot inhabited in Yushu County of Qinghai province is higher than the Himalayan marmot inhabited in Tibet (0.67) (Xu et al. 2009 ), the heterozygosity of each of four Chinese marmot is also higher than Alpine marmot (Marmota marmota L., 1778) (0.53, 0.73) (Silva et al. 2003; Goossens et al. 2001) , and hoary marmot (Marmota caligata Eschscholtz, 1829) (0.51) (Kyle et al. 2004) , suggest that the four marmot populations in China have high genetic diversity. The Shannon index can be used to evaluate the compounding influence derived from selection mutation and genetic drift in a randomly mating population. Namely, a high value denotes a more complicated genetic background (Yuan et al. 2006) . The Shannon indexes of the four populations are ≥1.5028 in this study ( Table 2 ), suggesting that all four marmot populations possessed high genetic diversity. In addition, we found that four marmot populations departure from Hardy-Weinberg equilibrium at all loci. The samples in current study may not been enough, and the different geographical location and ecological environment in which four marmots inhabited, may promoted gene selection, and resulted in change of gene frequency. These factors might affect HardyWeinberg equilibrium regarding four marmot species. Based on the genetic distance, we constructed a cluster dendrogram (Fig. 2) that illustrates genetic kinship among the four populations. We can divide Chinese marmot populations into two large groups: M. himalayana is an independent group that was affected by the terrain of Qinghai-Tibet plateau, and M. sibirica, M. baibacina and M. caudate were not affected by the terrain. Furthermore, a close kinship exists between M. sibirica and M. baibacina but not with M. caudata. This relationship feature is compatible with geographic distribution and the habitat of the marmots. For example, M. himalayana, M. sibirica, M. baibacina and M. caudata inhabit the Qinghai-Tibet plateau, the eastern prairie of Inner Mongolia Autonomous Region and the western region of Daxinganling, Altai and Tianshan Mountain, and Pamirs, respectively. Marmota himalayana is a unique species because the marmots live in alpine meadows in Qinghai-Tibet plateau and are affected by the terrain of Qinghai-Tibet plateau. Genetic interactions caused by crossbreeding between M. himalayana and other marmot populations in China may be geographically blocked by the Kunlun Mountains, the Taklimakan Desert, and the Kumtag Desert, which are located in the middle of Pamirs, Tianshan Mountain, Altai and Qinghai-Tibet plateau. Consequently, compared with the other three populations, the genetic features of M. himalayana are unique and different from other species. Altai and the North slopes of Tianshan Mountains in Xinjiang Uygur Autonomous Region borders Mongolia and the Inner Mongolia eastern prairie. Genes derived from M. baibacina and M. sibirica may be transferred via the vast grassland in Mongolia; therefore, kinship is relatively close between M. sibirica and M. baibacina. Pamirs is the most western region in China, and the distance between Pamirs and the south slope of Tianshan Mountain is small; therefore, genetic interactions or crossbreeding between M. baibacina and M. caudata may occur frequently. Marmota caudate, M. baibacina and M. sibirica can be classified into the same group. Moreover, many rivers are distributed in the middle of Pamirs and the south slope of Tianshan Mountain. This geography may affect the transfer of genetic information between M. baibacina and M. caudata. Compared to the kinship of M. sibirica and M. baibacina, the M. caudata is more distant (Fig. 2) .
Recently, we succeeded in breeding M. himalayana in our laboratory, and we have attempted to investigate their usefulness for the study of human chronic hepatitis B virus infection and lipid metabolism (unpublished data).
In conclusion, genetic features of four Chinese wild marmots were investigated in this study. This study may be useful for protection of Chinese wild marmot resource and further application of biomedical research.
